Adaptation Strategy Toward Urban Heat Island at Tropical Urban Area  by Rushayati, Siti Badriyah et al.
 Procedia Environmental Sciences  33 ( 2016 )  221 – 229 
1878-0296 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of LISAT-FSEM2015
doi: 10.1016/j.proenv.2016.03.073 
Available online at www.sciencedirect.com
ScienceDirect
The 2nd International Symposium on LAPAN-IPB Satellite for Food Security and Environmental 
Monitoring 2015, LISAT-FSEM 2015 
Adaptation strategy toward urban heat island at tropical urban area 
Siti Badriyah Rushayatia,*, Lilik Budi Prasetyoa, Nining Puspaningsihb, Eva Rachmawatia 
a Departement of Forest Resources Conservation and Ecotourism, Faculty of Forestry, Bogor Agricultural University, Kampus IPB Darmaga, 
Bogor 16680, Indonesia 
b Departement of Forest Management, Faculty of Forestry, Bogor Agricultural University, Kampus IPB Darmaga, Bogor 16680, Indonesia
Abstract 
In most developing countries, capital city has been facing environmental problem such as urbanization, in which infrastructure 
development has been very fast that replaced open space area. The objectives of the research were to analysis land use/land cover 
and surface temperature changes of Jakarta for the period of 2000 - 2012. Result showed that during 12 years, 49.7% of green open 
space was converted into other land uses, especially build-up areas. This caused the increase of surface temperature and created 
Urban Heat Island (UHI) phenomenon in Jakarta. Almost all of Jakarta area has high surface temperature, however, some areas 
with green open space indicated has lower surface temperature. In comparison to build-up areas, surface temperature of green open 
space was lower of about 3.2ͼC. This fact revealed the effectiveness of urban forest in lowering surface temperature. Other 
mitigation action of UHI is an idea to reduce air stagnation of air masses by developing corridors that can throw and dilute air 
pollutants into the coastal and sea area. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of LISAT-FSEM2015. 
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1. Introduction 
Jakarta is the center of government and economic center of which population continues to increase that led to high 
demand of built-up area for infrastructure development. Based on the reports of the Department of Marine and 
Agriculture, DKI Jakarta Provincial Government [1], built-up area has increased from 45,830 ha (in 1997) to 55,408 
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ha (in 2009). Moreover, the high number of population also leads to increase greenhouse gas emissions from the 
vehicles, followed by an increase surface temperature that has created heat island effect. In the long term, high 
temperature in urban area resulted in inconvenience living environment. One effort to adapt to the urban heat island is 
to build a green open space. Green open space has very important role in decreasing surface temperature through the 
absorption of CO2 in the process of photosynthesis. There were several researches on land use and land cover changes 
in Jakarta capital city [2, 3], however, its relation to surface temperature has not been discussed. The research is to 
analysis land use and land cover changes of Jakarta and its impact on surface temperature of Jakarta. The study result 
would benefit for the city planners to prioritize area for green space development based on surface temperature. 
2. Method 
2.1. Study site 
Research was carried out in Jakarta Provinces, consisted of East, West, South, North and Central Jakarta, with total 
area of about 66,377.45 Ha. It is located at northern part of Java Island (Fig. 1). The topography is flat, ranges from 0 
m asl to 75 m asl. It is the most  high populated areas [4]. 
 
 
Fig. 1. Study site. 
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2.2. Land use and land cover 
Land use and land cover data for the period of 2000–2012 were derived from Landsat satellite imageries data 
(Path/Row 122/64 and 122/65). Classification was performed by using supervised classification with maximum 
likelihood method. The accuracy of classification was measured by using over all accuracy and Kappa statistics, based 
on Ground Control Points (GCPs) distribution collected from field observation. The accuracy assessment was 
conducted only for 2012 data. 
2.3. Surface temperature measurement 
Surface temperature was developed from Digital Number (DN) of Band 6 for Landsat 7 ETM (for the year 2000) 
and Band 10 for Landsat 8 OLI (the year 2012). Initially, the Digital Number was converted into Top of Atmospheric 
Radiance (Kelvin), then converted into Centigrade (°C). 
 
x Digital number conversion to TOA radiance 
a. Landsat 7 ETM 
Conversion digital number to TOA radiance was done by using formula 1 derived from Landsat 7 Data User 
Handbook of NASA [17]. 
 
LȜ = ((LMAXȜ - LMINȜ)/(QCALMAX-QCALMIN))(QCAL-QCALMIN)+LMINȜ              (1) 
 
where: 
LȜ : spectral radiance at the sensor’s aperture in watts/(metersquaresterȝm) 
QCAL : the quantized calibrated pixel value in DN 
LMINȜ : the spectral radiance that is scaled to QCALMIN in watts/(meter squared sterȝm) 
LMAXȜ : the spectral radiance that is scaled to QCALMAX in watts/(meter squaredsterȝm) 
QCALMIN : the minimum quantized calibrated pixel value (corresponding to LMINȜ) in DN, 1 for LPGS  
    products, 1 for NLAPS products processed after 4/4/2004 &  0 for NLAPS products processed  
    before 4/5/2004 
QCALMAX : the maximum quantized calibrated pixel value (corresponding to LMAXȜ) in DN = 255 
 
b. Landsat 8 OLI 
OLI band data was converted to TOA spectral radiance using the radiance rescaling factors (formula 2) of 
the Landsat 8 product provided by the United States Geological Survey [18].  
 
LȜ = MLQcal + AL                   (2) 
 
where:                
LȜ    = TOA spectral radiance (watts/( m2sradȝm)) 
ML     = Band-specific multiplicative rescaling factor from the metadata  
AL     = Band-specific additive rescaling factor from the metadata  
Qcal  = Quantized and calibrated standard product pixel values (DN) 
 
x Conversion to at-satellite brightness temperature 
TOA spectral radiance was converted into temperature (Kelvin) by using formula 3 provided by the United 
States Geological Survey [18] and finally the temperature was converted into degree Centigrade (°C). 
 
Tb=
୏ଶ
୪୬ቀేభైಓቁାଵ
                   (3) 
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where: 
LȜ : TOA spectral radiance (watts/( m2sradȝm))     
Tb : at-satellite brightness temperature (K) 
K1    : 607.76 (Landsat TM) or 666.09 (Landsat ETM) 
K2  : 1,260.56 (Landsat TM) or 1,282.71 (Landsat ETM) 
3. Results and Discussion 
3.1. Land cover 
There were 6 land cover classes namely green open spaces, fields, grass, swamp, built-up areas and water bodies 
(Fig. 2, Fig. 3 and Table 1). Overall accuracy of the classification for 2000 and 2012 was 94.8 % and 94.4. Meanwhile, 
the Kappa statistics was 93.8% and 94.4% respectively. The table shows that the largest percentage of DKI Jakarta 
land cover and land use in 2000 and in 2012 was built area. In the meantime, area of mixed tree vegetation was 
significantly increased. Percentage of built area in 2000 was 58.8%, and in 2012 increased to 69.9%. Among 
municipalities, the increase of build-up areas in East Jakarta municipalities was the highest of about 2,454.47 ha, 
followed by West, South, North and Central Jakarta. 
 
 
Fig. 2. Land cover in 2000. 
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Fig. 3. Land cover in 2012. 
 
Table 1. Land cover and land use area at DKI Jakarta in 20002012. 
 
No. 
 
Land cover and land use 
Area and percentage of land cover and land use 
Landsat 7 ETM+ (2000) Landsat 8 OLI (2012) 
Hectare % Hectare % 
1 Built up area 39,026.54 58.79 46,404.76 69.91 
2 Mixed tree vegetation 21,769.26 32.79 10,939.56 16.48 
3 Grass 1,518.15 2.28 4,926.04 7.42 
4 Rice Field 948.33 1.43 1,083.65 1.63 
5 Swamp 616.76 0.93 460.93 0.69 
6 Water Bodies 477.34 0.71 541.86 0.81 
7 No Data 2,020.70 3.04 2,020.70 3.04 
Total  Area 66,377.45 100.00 66,377.45 100.00 
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3.2. Urban heat island 
Surface temperature derived from Landsat satellite imageries showed that most of Jakarta Province was greater 
than 30°C (Fig. 4). East Jakarta Municipality has the largest area of about (85.9%), followed by South Jakarta (81.4%), 
Central Jakarta (81.0%), North Jakarta (78.2%), and West Jakarta (69.4%). The extent of the high surface temperatures 
illustrates that in Jakarta have occurred Urban Heat Island (UHI). 
 
 
Fig. 4. Spatial distribution of TOA of Jakarta in 2012. 
One of the causes of urban heat island in Jakarta is because the percentage of built area is very high (reaching 
69.9% in 2012). Mather [5] states that the solar radiation falling on the built area (asphalt, concrete) causes the 
surrounding air temperature becomes higher because the heat capacity of asphalt and concrete is lower than other 
types of surfaces. Therefore, the higher the percentage of land area woke up, the surface temperature and the air 
temperature is higher as well.  
The high percentage of built up land area in Jakarta, and the lack of green open space causing high surface 
temperatures dominate extensive areas of Jakarta. A similar study conducted by Rushayati et al. [6] in Bandung 
regency of West Java, Indonesia. Based on the Rushayati et al. [6] research which uses dynamic system models, it is 
known that the percentage of high temperatures are in the area I which is the northern part of Bandung Regency region 
dominated by built area. Similarly, Akbari [7] research in the United States, shows that during the day in summer, the 
air temperature in the city could reach 2.5 Kelvin (K) as in urban land cover is dominated by built area and the streets, 
compared with the surrounding area. 
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Research by Xiao and Weng [8] in the city of Guiyang, Anshun, Qingzheng, and Pingba County, showed that the 
increase in built area in the four cities that occurred from 1991 to 2001, led to an increase in air temperature and result 
in the widening difference between the air temperature of urban areas (area with built area dominance) to rural (areas 
dominated by green open space). Air temperature differences between urban areas with rural areas, which are 
significant in Guiyang City and Qingzheng, because in both cities built area increased at a rate higher than the other 
two cities. 
Research by Weng and Yang [9] in the city of Guangzhou, South China, showed that land cover greatly affect 
surface temperatures. Based on the analysis of surface temperature data is dated August 29, 1997, the lowest measured 
surface temperatures found in forest land cover (29.88°C), followed by agriculture (30.96°C) and the highest surface 
temperature measured in the Badlands (32.94°C). The results of Weng and Yang [9] research (2004) also mentioned 
that due to urban development and enhancement of open land, causing increased urban temperatures of 22.50°C (1989) 
to 34.75°C (1997).  
Weng and Yang [9] stated that the problem faced by City of Guangzhou is the city heat island (urban heat island) 
due to increasing built area. In 1960, built area in Guangzhou City area of 64.2 km2, increased to 159.6 km2 in 1984. 
For 24 years, built area increased by 95.4 km2 or 149%. In 1989, built area continues to increase to 194.8 km2, and 
in 1997 to 295.2 km2 or 51.5% increase in eight years. Due to increased built area causing urban heat island areas, 
with the air temperature difference at the center of the city with rural areas ranged from 0.2 to 4.7°C, depending on 
weather conditions.  
Sarkar [10] also examined the link between city heat island phenomenon with density of land cover changes using 
remote sensing and GIS (Geographic Information System). Land cover was used as independent variables are 
vegetation, buildings, roads, wetlands and open land. The value of land cover is determined by the sample values of 
the satellite image. Urban heat island was analyzed using the composite band (6 red, 4 green and 4 blue). Results of 
this study concluded that the urban heat island is a problem arising from the development of the city, which caused an 
increase in built up area and the decreasing green open space. 
3.3. Role of green space to decrease surface temperature 
Based on an analysis of 300 points (60 points in each municipality) can be seen that the average built up land 
surface temperature is higher than the green open space. Built up area surface temperature differences with green open 
space reached 2.8°C. The average difference between the surface temperature of built area with a green open space in 
Jakarta west 2.7°C, North Jakarta 3.2°C, 2.7°C East Jakarta, South Jakarta 2.6°C, and the Jakarta Central 2.6°C. Based 
on the analysis, we can conclude that green spaces play a role in decreasing surface temperature. Built area surface 
temperature and the green open spaces is presented in Fig. 5. 
Results of surface temperature analysis in Jakarta is consistent with the results of Chang et al. [11] who perform 
temperature measurements, but the air temperature was measured at 61 points in Taipei City. The measurement results 
showed that the air temperature in the green open spaces, 0.81 K lower than in open areas without vegetation. Function 
of vegetation in air temperature decrease was also evidenced by Nichol and Wong [12] in his research using virtual 
reality 3D city models in Hong Kong. Based on these studies, it is known that urban areas are dominated by low 
buildings; the air temperature is 6°C higher than that of urban areas vegetated. In this study also compared the air 
temperature in the area that gets shade of tall buildings. The air temperature in the shaded areas of high building is 
still higher than the vegetated area. Nichol and Wong [12] concluded that the decrease in air temperature is more 
determined by the vegetation, rather than the shade of tall buildings. 
A similar study conducted by Brack [13] carried out in the plains of Canberra, Australia. Construction of large-
scale urban forest in the plains Canberra conducted since 1911 on the open land, a former sheep farm area, giving the 
benefit of improving the aesthetic value and improve the extreme climatic conditions. 
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Fig. 5. Surface temperature at built up area and green open space. 
3.4. Adaptation strategies for urban heat island 
Based on the analysis of land cover and land use that overlaid with the surface temperature distribution, it is seen 
that the built area contributing to the increase in surface temperature. While the green open spaces play a role in 
decreasing surface temperature. Based on the analysis of changes in land cover and land use from 2000 to 2012, shows 
that built area on the increase, while the open space continues to decline. Those problems led, in 2012, the surface 
temperature> 30°C uniformly almost evenly distributed in all areas of Jakarta. The existence of this problem, it is 
necessary to arrange better development planning in urban areas, and the balance between economic, social and 
ecological. Development planning without balancing all three will lead to serious problems. 
Based on the research Wang [14] in China on the analysis of urban green space planning problems system, 
environmental problems arising in China due to a mistake in plan level that does not consider the environment 
essential, so that the implementation of urban development is more focused on the economic sector. These conditions 
cause many environmental problems including urban heating.  
Sustainable development in urban strongly associated with spatial planning. Biesbroek et al. [15], stated that the 
approach at an administrative level, which is related to the spatial structure, is very effective in mitigating and adapting 
to climate change and warming. Spatial development planning, which controls the growth of built area and add green 
open spaces, will create a comfortable and friendly urban environment. Hamin and Gurran [16] stated that in order to 
overcome the problems in the urban environment, it is necessary to maintain the urban forest in order to cool down 
the buildings and pavement in urban areas.  
 Based on the conditions and problems in Jakarta, and based on research in several cities in the world, it is a strategy 
to address the heating surface, which resulted in the urban heat island in Jakarta is as follows: 
x Increase the green area developed evenly throughout areas of Jakarta 
x Prioritized the development of green open spaces in areas with high surface temperatures (>30ιC) 
x Form of green open spaces, especially urban forest, adapted to the conditions and the availability of existing land. 
Land is narrow and elongated (right side of the road, river banks) can be developed in the form of urban forest 
paths. A large area can be developed in the form of urban forest clustered or spread.  
x Green open space in Central Jakarta which very limited land, its shape can be a city park, urban forest shaped paths 
town, and roof garden 
x Control the increase in built up land area. Settlement and business area (business) focused on vertical development. 
Controlling the construction of tall buildings along the coast, since it can lead to stagnation of the flow of air 
masses, during onshore winds that lead to the coastal and sea area. Onshore wind can carry a variety of pollutants that 
can reduce the concentration of pollutants. Pollutants also contribute to increase the negative impact of urban heat 
island. 
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4. Conclusion 
There are changes in land cover and land use area of DKI Jakarta in 2000 until 2012, the built area increased from 
39,026.54 ha (58.8%) to 46,404.76 ha (69.9%), while the green open spaces decreases of 21,769.3 ha (32.8%) to 
10,939.6 ha (16.5%). High surface temperatures (>30°C) evenly distributed in all areas of Jakarta with a percentage 
per municipality ranged from 69.4% to 85.9% per total area of each municipality. The highest found in East Jakarta 
Municipality (85.9%). High surface temperatures across the widest area of DKI Jakarta is also located in East Jakarta 
is 15,768 ha. 
Adaptation strategies of the urban heat island phenomenon in Jakarta is to control the increase in built up land area, 
controlling the development of tall buildings along the coast, developing green open spaces, which are prioritized in 
areas of high surface temperatures. Areas that do not enable the development of urban forest spread and clustered 
form, it can be developed with urban forest-shaped path, garden or roof garden city. 
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